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ADVAITCE OOITFIDSITTIAL REPOIIT 
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¥ITK DUAL-ROTATINC- PROPELLERS 
By iic?.rold Sveterg 



SUMM.^RY 



Surveys of the air flow in the region of the tail 
surfaces of a c ingl e— engine pursuit-type airpl^^ne equipped 
v/ith dual-rotating propellers are presented. The tests 
included air—flcw nee sur ement s with propellers removed and 
operating at various thrust coefficients and ^.^ith flaps 
retracted an-:^. deflected, So:ae c o;:roar i s ons are made v;ith 
air—flow JO easur ement s at the ta,il.of a model equipped with 
a single— rotat ing propeller. The tests were maae in the 
ITACA full-scale tunnel. 

IHTRCEUOTIOIT 



As part of a general investigation directed tov;ard 
predicting tlio effects of propeller operation on the sta- 
bility characteristics of aircraft, measurement s v/:ere made 
^of the air flov; in the region of the tail surfaces of a 
s ingle— engine pursuit— type airplane equipped with dual- 
rotating propellers. The tests '^/ere made in the iJACA 
full-scale tunnel and inc?.ude^l ai->-flov/ neasur ement s with 
propellers removed and opcratin-^,' and with landing flaps 
deflected 40^ and retracted. 

Investigations of the air flov/ in the region of the 
tail stirfaces of airplanes equipped with single— r ot at ing 
propellers have also heon made and arc i-eported in refer- 
ences 1 and 2. Some comparisons are given in this paper 
of the air flo\-r behind single— and dual— r ot at ing propel- 
lers. 



2 



STKBOLS 



C-j^ lilt- coofficiont 

thrust coefficient 



f effect iv e thr us t 



Cp ^owcr -coefficient (on^e power 

T /nD propeller advanc e— ciiamot or ratio 

T) propeller efficiency 

V airspeed 

n propeller rotational speed 

I) propeller diameter 

p density of air 

a.^ angle of attack of thrust axis rclatiTe to free- 
stream direction, de;^rees 

P propeller "blade an<^'lc; nu'c scripts T and R refer 

to front 8.nd rear propellers 

€ local dovrnwash angle at tail nieasured relative to 

f r e e--st r earn dir ect i on 

€ avorago dov;nv7ash angle across clcTator hinge lino 

as found from air— flovr surveys 

Ae an^r^ular difference "oetween average dcv/nv/ash angles 
across seiiiispa^ns of horizontal tail surface 

q local dyne.mic pressure 

Oq free— stream dynamic pressure 

(q/q^)^,^ average dynam i c— pr os sur e ratio across elevator 
^ hinge lino as found from air— flow surveys 



DESCRIPTION OP MODEL A!TD TESTS 



Tho ilAGA full—Bcale tunnel is descrilDod in reference 
3 and tho methods by vmich the data v;ere corrected for 
jet—boundary and blocking effects, arc discussed in refer— 
encos 4 and 5. 

The model mounted on t];e tunnel supports is shown in 
figure 1, figure 2 is a three— view drawing showing tho 
important diraensions of the model. The outer surfaces of 
the model were constructed of sheet aluminum that was 
covered with a plastic filler and sanded to a smooth fin- 
ish before the tests were made. The horizontal and verti- 
cal tail surfaces vero removed for all the tests. Balanced 
slotted flaps, having a flap span equal to 54 percent of 
the v;ing span, were used as the high— lift device. 

The propulsive unit consisted of t^o 10— f oot-diamet er 
dual— r o t at ing propellers that v^ere driven by two 25— horse- 
power electric motors installed in tho fuselage. The 
front motor v/as directly connected to the front propeller, 
v/hile the rear motor drove the rear propeller through 
chains and a countershaft. 

The propeller installation on the model is shown in 
figure 3. The blade— angle setting of the front proi^eller 
was 28.0^. In order that the rear propeller absorb the 
same amount of power at peak efficiency as the front pro- 
peller, the blade— angle setting of the rear propeller v/as 
27,7^, The blade angle of the rear propeller v/as set 
lower than that of the front propeller to offset its in- 
creased angle of attack due to the intr odv.ct i on of a rota.— 
tional component to the slipstream b^^ the front j_)ropeller. 
The propeller blade angles were held constant lor the 
tests. The aerodynamic cha^r act er is t i c s of the dual- 
rotating propellers on the complete model at .?.bout zero 
lift coefficient are shown in figure 4. 

All the surveys v;ere made in a vertical plane through 
the elevator hinge line. The surveys vrere made at various 
angles of attack v/ith propellers removed and operating and 
with landing flaps deflected 40^ and retracted. 

The measurements v/ere made v/ith a rack of fifteen 
S/a—inch steel survey tubes described in reference 2. The 
accuracy of the pitch— and yaw— angle measurements is esti- 
mated to be within about iO.25^; dynamic— pr es sure measure- 
ments are accurate within about ±.1 percent. 
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RESULTS XKL DISCUSSION 



The air— flow zxivveys are presented as contours of 
dynanic-pr essure ratio n/q.o vectors shov/ing the 

resiilta^nt flov; direction in a vortical plane through the 
elevator hinge line* The results of the propellers— 
removed tests, v;hich are given as a reference for the 
determinant ion of the slipctrear; effects, are sh.cwn in 
fi.?ures 5 and 6. ^Figures 7 and 8 give the results of the 
tests v/ith propellers operctini.-; at various thrust coef- 
ficients for flaps retracted and for flaps deflected 40^, 
respect ivoly . 

The effects of propeller operation on the average 

dynamic pressures and the avercage downv;ash angles at the 

tail are illustrated in tahle I. The dync?um i c— pr es sur e 

ratios and the downv/ash angles were not weighted according 

to the variation of local chord and local dynamic pressure 

8>cross the tail span, inasmiuch as a few computations showed 

this correction to he small* The values of (o/q^)^,^ and . 

- ' " c av ^ 

c^^-y. have oeen computed separately across each semispan oi 
the horizonta.1 tail surface in order to ascertain v/hether 
the use of dual—rotating propellers eliminated the effects 
due to slipstream rotation. 

When the pcv/er ahsorhed hy the front propeller v;as 
approximately equal to the power ahsorhed "by the r ea.r 
propeller, there was little evidence of slipstream rotat'ion 
in the surveys, (See figs, 7 and 8,) Because the jjropel— 
ler "blade angles were adjusted to ahsorh approximately 
equal power at the Y /nD for peak efficiency, V /nD = 
1 , 25 5 the poivers a. os or "bed by the two propellers v/ere net 
equal at other values of V/nD (fig, 4), At lov/ thrust 
coefficients, for which the differences in the powers 
ahsorhed "by the front and the rear propellers v/ere small, 
the values of (q/qo/^^y ^^^^ ^av measured across each 
serjispan of the horizontal tail surface were approximately 
equals At the higher thrust coefficients, however, some 
differences in (q./^Iq-'ov ^'^^ ^ av were measiired, although 
the differences v^ere considerably less than those usiially 
observed behind airplanes v/ith s ingle— rot at ing propellers. 

In order to compare the air flovr behind installations 
of single— and dual— r c t at ing propellers, some of the 
results of do v/nwash— angl e measurements at the tail of a 
s ingl e— engine pursuit— type airplane equipped v/ith a single— 
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rotating i^ropeller, v/hicli have "been reported in reference 
1, are .^iven in fi^i^ures 9 ani 10, These figures shov; the 
dov/nv;ash— angle di s tr ilDut ion across the horizontal tail 
span of the inodel v/ith flaps retracted and with flaps 
^ deflected 40° for various angles of attack and various 

^ thrust coefficients. Siiiiilar curves are given in figures 

11 and 12 for the nodel with dual— r o tat ing propellers. 

"For the model v/ith the single—rotating propeller and 
flaps retracted, the original direction of rotation of 
the slipstream is retained to a large extent at the tail — 
that is, the do.v\rnwash angles at the tail on the side of 
the downgoing "blades are increased; v/hereas the dov/nvrash 
angles at the tail on the side of the upgoing "blades are 
decreased. The slipstream rotation appears to he consid— 
erahly less at the tail with flaps deflected than with 
flaps retracted. It appears lihely that, v;ith the flaps 
deflected, the slipstream is deflected oelow the elevator 
hinge line v/ith the result that the slipstream rotation 
affects the resultant downwash—angl o distribution across 
the horizontal tail surface less v/ith flaps deflected than 
with flaps retracted. 

A comparison is given in figure 13 of the angular 
differences hotv;een the average downwash angles across the 
semispans of the horizontal tail Ae for the model v/ith 
the single—rotating propollor and for the model v/ith the 
dual— rotat ing propellers. The values of A€ arc plotted 
as a function of thrust coefficient at various propeller 
"blade angles and lift coefficients for the flaps—retracted 
condition^ 'For the model v;ith the dual— rot at ing propellers, 
the difference of downv/ash across the semispans of the 
horizontal tail v/as small; v/hcroas, for the model with 
the s ingle— rot at ing propeller, a difference of 8.7° at 

= 0,31 v;as moosured. The large differences of dov/n— 
v/ash measured across the semispans of the tail of the 
model v/ith the s ingl o— r o t at ing propeller v/ill result in 
asymmetrical tail loadings and. "bonding moments that may "be 
cr it i cal f r om s tr u ctur al cons id er at i ons , 

For the s ingl 0— r 0 t at ing propeller, an asymmetrical 
dynam i c— ]pr e s sur e distribution al^'O exists at the tail he— 
cause the thrust distribution is not syinmot r ical a,t the 
propeller disk. This dissymmetry of thrust arises from 
the inclination of the propeller axis to the air stream, 
v/hich causes both the local relative airspeed and the 
local angle of attack to be higher on the side of the 
downgoing blades than on the side of the upgoing blades. 
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The result is that, as the angle of attack is increased, 
there is a progressively higher concentration of thriist 
on the side of the downgoing Dlades than on the side of 
the up^'Oing "blades. As an example, v/ith fla^ps retracted, 
a difference of (q/oQ)^^ across the tv/o sernispans of 

the horizontal ta.il surface of 0.45 at 5?^ = 0.31 was 
FiOasured (reference l). 

As noted previously (table l), for the model v/ith 
dual— r 0 1 at ing propellers, the differences of (a/qQ),^y 
across the tv/o seraispans of the horizontal tail surface 
v-/ere small, 

COITCLUDIKG RStlASKS 



The surveys at the tail of the model v/ith dual- 
rotating prcx^ellers shov/ed little evidence of slipstream 
rotation or asymmetric thrust d i s t r itut ion • The effects 
of slipstream rotPotion and asymmetric thrust distribution 
on the resultant air flow cat the tail of the model with 
the single— rotat ing propeller, hov/over, v/cre large at 
high thrust coefficients and at high angles of attack. 
As a typical ejcamj^lo, for the model with dual—rotating 
propellers and with flaps retracted, the differences of 
downwash and dynam.ic pressure across the scnispans of the 
horizontal tail v/ere ncgligihle; v/hereas, for the model 
with the single— rotat ing propeller, differences of dov/n— 
wa.sh and average dynamic—pressure ratio of 8.7^ and 0.45, 
r aspect iv ely 5 wore measured across the elevator hinge 
line at a thrust coefficient of 0,31. 
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TABLE I 

AVERAGE DYNArllC-PEESSUP.S RATIOS AIID AVS2AGE D OWNWASK AiTGLSS 
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FIGURE Z.- THREE-VIEW DRAWING OF MODEL. 
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